The Köppen classification is commonly used and helpful for characteristics of different climate types and their changes. Available maps based on this classification are dealing with continental and worldwide zones. This is the reason mountainous territory of the Balkans to be defined as zones with cold or high mountain climate without further details. The main aim of the study is detail classification of the territory of Vardar, Struma and Mesta in the view of the Köppen system and establishing the inner zones variability trough time. In order to achieve this goal we use the SAT (surface air temperature) and precipitation data from meteorological stations located in key areas of the valleys. We build 30 year moving average to present climate fluctuations in these areas according to the modified Köppen classification. Results show that index changing is variable through the different periods but there has a tendency for general reduction of the annual precipitation in the whole period of observation. 
Introduction
The climate classification, based on the work of Wladimir Köppen from 1900, continues to be the most widely used climate scheme over a century later. For instance, Essenwanger (2001) has provided a comprehensive review of the classification of climate from prior to Köppen through to the present. Köppen's inspiration for developing a world map of climate classification in 1900 owed much to the global vegetation map of Grisebach published in 1866 (Wilcock, 1968 ) and Köppen's own background in plant sciences (Peel et al., 2007) .
The use of Köppen's classification is not confined to teaching. Many researchers routinely use it for their own particular research purposes. Lohmann et al. (1993) have applied the Köppen classification to the output from both atmosphere general circulation models, coupled atmosphere-ocean circulation models, and compared these to maps of the Köppen classification using modern data sets and to Köppen's 1923 map. They modelled both present conditions, enhanced greenhouse scenarios and concluded: "However, the Köppen classification is easier to apply and is still a useful tool for estimating the ability of climate models to reproduce the present climate as well as indicate the impact of climate changes on the biosphere" (Peel et al.,2007) .
In a similar study to that of Lohmann et al. (1993) , Kalvova et al. (2003) compared global climate model outputs to maps of Köppen's classification drawn from gridded observed data and to Köppen's 1923 map. They were attracted to the Köppen system because of its known links to natural vegetation patterns as they have attempted to assess the impact of global warming on major biomes. They also compare the map they produced of Köppen's climate zones based on modern data with his 1923 map and show that the differences are only around 0.5% of the area distribution (Peel et al., 2007) .
A more critical approach to the Köppen classification has been taken by Triantafyllou & Tsonis (1994) who claim to be the first to evaluate the Köppen classification using modern temperature and precipitation data (for the northern hemisphere). They classified climate stations on a year by year basis and then analysed the frequency with which they shifted between the major Köppen climate types (e.g. A to B) in order to assess the adequacy of the Köppen system. In North American and North Africa, they found low variability within a climate type and narrow regions of high variability between climate types, indicating the Köppen system performed adequately. For Europe and Asia they found the pattern of variability less defined, indicating either high within climate type variability or wide regions between climate types resulting in an inadequate performance of the Köppen system. It is the case however that the Köppen classification was intended to represent long term mean climate conditions and not year-to year variability though it can be put to good use as the basis for assessing climate variability on a year-to-year (Dick, 1964) or multi-decadal basis (Gentilli, 1971) . Triantafyllou and Tsonis (1994) conclude, with Sanderson (1999) , that there is a need for a new scheme to represent the world's climates (Peel et al., 2007) .
Recently, four Köppen world maps based on gridded data have been produced for various resolutions, periods and levels of complexity. Kalvova et al. (2003) using Climate Research Unit (CRU, the University of East Anglia) gridded data for the period presented a map of the 5 major Köppen climate types (with E divided into 2 types) at a resolution of 2.5° latitude by 2.5° longitude. Gnanadesikan and Stouffer (2006) presented a Köppen map of 14 climate types based on the same CRU data and period as Kalvova et al. (2003) , but at a resolution of 0.5° latitude by 0.5° longitude. Fraedrich et al. (2001) using CRU data for the period 1901-1995 presented a Köppen map of 16 climate types at a resolution of 0.5° latitude by 0.5° longitude and investigated the change in climate types over the period 1981-1995 relative to the complete period of record. The most comprehensive Köppen world map drawn from gridded data to date is that of Kottek et al. (2006) who presented a map with 31 climate types at a resolution of 0.5° latitude by 0.5° longitude based on both the CRU and Global Precipitation Climatology Centre (GPCC) VASClimO v1.1 data sets for the period 1951-2000 (Peel et al., 2007) . Peel et al., 2007) In mountainous areas, such is the most of the Balkan's territory, the variety of climatic factors is an obstacle in giving a general characterization for the entire zone (Bouma, 2005) . The valleys of Struma, Mesta and Vardar Rivers are located in mountainous territories of the Macedonian and Rila-Rhodopean Massifs but because of their openness to the Mediterranean basin, a southern influence penetrates deeply into the Balkan Peninsula. This is the reason that they are typical example of the Köppen classification insufficient character for little territories with uneven structure. Some authors, like Russel (1931) , made some changes in borders between main climate types. Others, like Ristevski (2012), input some sub-indexes to present more details in climate variability.
Fig. 1. Köppen-Geiger climate classification for the territory of Europe (after
In this study Köppen classification is used as basis for climate zonation along the three river valleys in the central part of the Balkan Peninsula. In order to obtain more detailed picture in such little territory sub-indices are used.
Materials and methods
We used data from 9 stations in three river valleys -Vardar, Struma and Mesta, in the middle of the Balkan Peninsula. On Fig. 1 The common period for all stations is . For the stations on Struma and Mesta valleys the common period is longer - . Stations along the Struma Valley are with longer period with meteorological observations. We found strong correlation (85-95%) in monthly temperatures between some stations in these two valleys and thus we tried to recover data for the period after 1990 in the Mesta valley. For the Vardar and Struma valleys, the common period is 1951-2012. Station Demir Kapia is with shortest period of observations -1967-2012. The longest period of observation has station Rila -1925 Rila - -2012 (Fig. 2) .
We used the idea from Ristevski (2012) who adopted the Köppen classification to produce the Macedonian climate map. He expands the temperate climate "C" to three separate parts with sub-indexes -C1, C2, C3. "C3" temperate climates are in territories where the temperature of the coldest month is 3°C or above, which means mild winter. "C2" temperate climates are in territory where the temperatures of coldest month are between 0 and 3°C. "C1" temperate climates are in territory where the temperatures of coldest month are between 0 and -3°C. Russell (1931) , in his study about dry climates of the United States, accept such areas as cold climates type "D" putting the 0°C isotherm of the coldest month as the boundary between cold and temperate climates. In our research, we accept "C1" as temperate climates -a "border zone" between "C" and "D" climates, with cold winter. Some stations in our study area are in this border zone for the whole period or for some parts of it.
The second letter is an index for precipitation regime and indicates the drier period. For example, drier summer (AMJJAS) is indicated with "s", drier winter (ONDJFM) -with "w" and if there isn't drier period -"f".
Fig. 2. Study area with meteorological stations used in this paper
Ristevski (2012) also used some sub-indexes in the third letter in the modified Köppen classification. He uses (a') for climates with temperature 25°C or above in the hottest month, which we indicate as very hot summer. When this temperature is 19°C or bellow, he uses (b'), which we call mild summer. We are using these sub-indexes for more detailed characteristics for climate variations in the three valleys. For the hottest month with temperature between 22 and 25°C we use normal Köppen index "a" (hot summer), and "b" for temperature between 19 and 22°C (warm summer).
In more details, the usage of indices gives us an idea of the changes in temperature as the coldest and the hottest months. This in turn corresponds well with the temperature sums accumulate during the growing season of plants, which is an important agroclimatic indicator. For example C1...b' corresponds to approximately 2,600-2,700°C -areas with possible cultivation of crops, which are cold unpretentious to heat conditions. On the other, hand C2…a` corresponds to 4,400°C, conditions for growing thermophilic crops. C3…a` is a type of climate where the warm winter allows citrus crops being grown. Köppen classification (acc. to Ristevski, 2012) 
Fig. 3. Sub-indices in the modified

Results and discussion
If we follow the three valleys from north to south, we begin with the "border zone" area, where the stations Skopie, Kustendil and Bansko are located. From these three stations, which are representative for the upper part of the valleys, Kustendil has the longest data period . This station is the northernmost point in the territory and is placed between Osogovo and Konyavska Mountains. For the whole period, this area belongs to the temperate climate "C1" and there is not dry period "f". From 1925 From -1954 From to 1938 From -1967 periods this area belongs to the temperate climate without dry season and hot summer (C1fa), or cold climate without dry season and hot summer (Dfa) if we use Russel's (1931) and Peel's (2007) version of Köppen classification. After that from 1939 -1968 to 1983 -2012 this area belongs to C1fb climate (temperate climate without dry season and warm summer).
On almost the same latitude, western than Kustendil, in the Vardar Valley, between Crna Gora (1,650 m), Suva Gora (1,745 m) and Jacupica (2,540 m) mountains, is the Skopie intermountain lowland. In this territory, the winter is not so cold and we could observe some fluctuations in winter temperatures. In the periods between 1951-1980 and 1960-1989 , these areas are part of C2fa (temperate climate without dry season and hot summer). From 1961 From -1990 From to 1967 From -1996 period winters became colder and the area climate changed to C1fa (or Dfa). From 1968 From -1997 From to 1972 From -2001 1950-1979 to 1975-2004 the climate in Sandasnki Lowland is temperate with hot summer and without dry season C2fa; in the end of this period the climate became warmer and the modified Köppen index changed to C2fa' for the last period from 1976-2005 to 1983-2012 , like in the beginning of the observations. This warming has been observed also for the winter months, so the modified Köppen index changed to C3fa' just for the period 1982-2011. Based on these results we can make a conclusion that 1982-2011 is the period with hottest climate for the whole period of observations in Sandanski Lowland. If this tendency of warming continues, the index C3fa' will become typical for the area.
Between Sandanski & Kustendil we observe another two stations -Blagoevgrad and Rila. In Blagoevgrad intermountain lowland, the climate does not have many fluctuations with respect to the Köppen index. In the most period of observations, this area belongs to temperate climate without dry season and hot summer C2fa. There are some fluctuations in temperatures of hottest month for the period from 1953-1982 to 1960-1989 , when the climate here was changed to temperate climate without dry season and warm summer C2fb. After that from 1961-1990 summers here are hot again and index changed to C2fa.
Rila station is located on the west slope of the Rila Mountains (2,925 m), which are the highest on the Balkan Peninsula. This station is placed north of Blagoevgrad and its position on the mountain slope is the reason for more fluctuations. The climate here is without dry season for the whole period, so we will not comment the precipitation regime, but in winter and summer, temperatures have many fluctuations. In the beginning 1925-1954 the climate here was temperate with cold winter and hot summer C1fa. Maybe this is the end of cold winter period because from 1926-1955 to 1936-1965 is a period with C2fa climate. Then a new period began with cold winter from 1937-1966 to 1942-1971 Bansko is the highest station in the studied territory. It is located in intermountain lowland in the upper part of the Mesta River. This coldest station (amongst the three studied valleys) is placed between three of the highest mountains on the Balkan Peninsula -Rila, Pirin and the Rhodops. Here the climate is temperate with cold winter for the whole period -C1. In the precipitation regime there is a tendency for transition from Mediterranean type with dry summer, for the periods from 1932-1961 to 1945-1974 -C1s , to climate without dry season C1f from 1946-1975 to the final period . For Bansko does not have precipitation data for years after 1990. Monthly average temperature is recovered after 1991, because there is strong correlation between Bansko and Blagoevgrad. Results from this recovery showed that there have no changes in climate and it remained type C1 with respect to the winter. When we analyzed the hottest month temperatures, we defined "b" index for the periods between 1932-1961 and 1939-1968. There is a tendency for cooling in the summer months and from 1940-1969 to 1973- We could not be sure, because most of the data is recovered (after 1991), but we suppose that with strong confident. We suppose the precipitation regime remained the same (without dry season) for this period until the end of data row, but also we could not sure about that.
Gotze Delchev station is in the southeastern part of the studied area. Gotze Delchev intermountain lowland is placed between the Pirin Mountains (2,914 m), Slavyanka (2,212 m) and the Rhodops Mountain Range. This position between high mountains and close to the Mediterranean Sea placed this area in the border zone of changing precipitation regime (from "s" to "f") according to the Köppen classification. The period of observation began in 1925 and we have data for temperature to 1992. Precipitation data are to 1990. Because we have found strong correlation (r≥0.8) in temperatures between Gotze Delchev and Sandanski we recovered the temperatures after 1992. In the first period 1925-1954 the climate in Gotze Delchev is temperate with cold winter and dry, hot summer C1sa. That Mediterranean precipitation regime ("s") continues to 1927 -1956 . Next period from 1928 -1957 to 1930 -1959 is without dry seasonC1fa. In 1931-1960, a cooling period began with warm and dry summer C1sb. This situation continued to 1944-1973 when winters became warmer and the modified Köppen index changed to C2sb. The period with this index did not stayed for long and continued to . Some changes in precipitation regime changed the Köppen index to C2fb -without dry period. This temperate winter period was interrupted for a while (1953-1982 to 1954-1983) with cold winter period C1fb, but after that returned back and continued to 1959 -1988 . In 1960 -1989 , a new cold winter period C1fb began. It continued to . After this moment a warming period started. At first winters became warmer and index changed to C2…b to 1975-2004 . After that, the index changed for the hottest month and the climate became temperate with hot summer (C2…a) for the period from 1976-2005 to 1983-2012. There are tendencies that Gotze Delchev lowland would return to the Mediterranean dry summer index "s" with regard to the precipitation regime.
Tab.2. The modified Köppen index calculated from 30-years moving average
1946-75 C1 f b C2 f b C2 f a C2 s a C1 f b' C2 s b 1947-76 C1 f b C2 f b C2 f a C2 s a C1 f b' C2 f b 1948-77 C1 f b C2 f b C2 f a C2 s a C1 f b' C2 f b 1949-78 C1 f b C2 f b C2 f a C2 s a C1 f b' C2 f b 1950-79 C1 f b C2 f b C2 f a C2 f a C1 f b' C2 f b 1951-80 C2 f a C3 s a' C1 f b C2 f b C2 f a C2 f a C1 f b' C2 f b 1952-81 C2 f a C3 s a' C1 f b C2 f b C2 f a C2 f a C1 f b' C2 f b 1953-82 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C1 f b 1954-83 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C1 f b 1955-84 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C2 f b 1956-85 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C2 f b 1957-86 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C2 f b 1958-87 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C2 f b 1959-88 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C2 f b 1960-89 C2 f a C3 s a C1 f b C2 f b C2 f b C2 f a C1 f b' C1 f b 1961-90 C1 f a C3 s a C1 f b C2 f b C2 f a C2 f a C1 f b' C1 f b 1962-91 C1 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C1 b 1963-92 C1 f a C3 f a C1 f b C2 f b C2 f a C2 f a C1 b' C1 b 1964-93 C1 f a C3 f a C1 f b C2 f b C2 f a C2 f a C1 b' C1 b 1965-94 C1 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1966-95 C1 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1967-96 C1 f a C2 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1968-97 C2 f a C2 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1969-98 C2 f a C2 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1970-99 C2 f a C2 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1971-2000 C2 f a C2 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1972-2001 C2 f a C2 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1973-2002 C1 f a C2 f a C3 f a' C1 f b C2 f b C2 f a C2 f a C1 b' C2 b 1974-2003 C1 f a C2 s a C3 f a' C1 f b C2 f b C2 f a
Conclusion
The Köppen classification scheme has to be used carefully because of resolution issues. Because of them and due to average temperature values areas with high mountains in the southern parts of the temperate zone are defined as territories with cold climate (D) or tundra (ET) climate. In this way, we could miss the lowlands between mountains with different warmer climate. These areas are important because they are useful in agriculture and many infrastructure aspects. This is the main reason to start this research for the territories of Struma, Mesta and Vardar in the center of the Balkan Peninsula.
When we compare some averages, it is possible to miss some important fluctuations, which give us many details about the climate changes. If we use only usual periods as 1931-1960 and 1961-1990 to compare climate data, it is possible to have some fluctuations, which we could miss between these periods. Good example about that is Gotze Delchev lowland area and middle part of the Struma Valley (between Rila and Sandanski).
In other territories, like the north part of Struma and Mesta valleys, only few fluctuations are observed. The climate there is temperate with cold winter. Precipitation regime in Kustendil lowland is without dry season. The Köppen index is changing only in the third letter C1fa to C1fb, because summers became colder in after 1939-1968 period. In the north part of Mesta valley summers also became colder and the modified index changed from C1sb to C1sb' almost in the same time in the 1940-1969 period. Later precipitation regime is changed from dry summer C1sb' to without dry C1fb' season in 1946-1975. In the north part of Vardar Valley, there are some fluctuations in winter temperatures, which define this area as a border zone between temperate climate C1 (with cold winter) and temperate climate C2.
Gevgelia precipitation regime here is changing from Mediterranean (s) to without dry season (f) in 1962-1991 and after that come back to previous regime in 1977-2006 period.
The data we have for the region start from 1951. In the first 30 moving average annual climate here has a very hot and dry summer C3sa'. We can assume that for at least 20 years before the climate also was belonged to this index.
We can conclude that the southern areas are located (in a place) where rainfall patterns is changing. The greater openness to the Mediterranean Sea near Gevgelija, as well as the southern position with reference to the Sandanski lowland, defines it with more expressed Mediterranean rainfall patterns. This regime could be linked to a more northerly path of the crossing the Mediterranean cyclones. When they shift north in the late spring and early summer, the southern parts of the observed territory remain beyond their reach, which brings dry summer in the area. Those located further north in their periphery obtain more rainfall and they remain without dry season (f precipitation index). That is why precipitation type in the region of Sandanski get to transitional type (f) earlier (than Gevgelia lowland) and remain on it for a longer time. 
